





























































































































































































































































Healthcare	 delivery	 increasingly	 relies	 on	 interdisciplinary	 teams	 rather	 than	 the	 work	 of	






orientation,	 and	 5)	 backup	 behavior(7).	 Among	 these	 five	 elements,	 mutual	 performance	
monitoring,	 backup	 behavior,	 and	 adaptability	 describe	 the	 ability	 of	members	 of	 a	 team	 to	
monitor	each	other’s	progress	towards	completing	the	teams’	task,	provide	support	when	a	team	
member	needs	help	completing	the	task,	and	the	ability	to	update	team	goals	and	individual	tasks	
based	 on	 changes	 in	 the	 environment,	 respectively(7).	 Team	 leadership	 is	 the	 ability	 of	 an	
individual	to	direct	others	in	the	team,	coordinate	efforts	between	team	members,	and	maintain	









of	 delivered	 care	 as	 well	 as	 patient	 outcomes.	 In	 fact,	 Popovici	 et	 al.	 found	 that	 “poor	
communication	among	clinicians	is	ubiquitously	considered	one	of	the	main	root	causes	of	these	
adverse	events.”(10)	
While	many	healthcare	processes	 require	communication	and	 teamwork,	 shift	 change	clinical	






patient	 care	 teams,	 and	 both	 have	 been	 shown	 to	 be	 susceptible	 to	 errors	 and	 gaps	 in	
communication(12,13).	At	the	same	time,	there	are	several	key	differences	between	them.	First,	
shift	change	clinical	handoffs	generally	involve	care	providers	in	similar	roles,	such	as	resident	
physicians	 or	 nurses,	whereas	 patient	 discharge	 requires	 interdisciplinary	 teams(14).	 Second,	
while	 handoffs	 occur	 frequently	 and	 within	 discrete	 periods	 of	 time,	 patient	 discharge	 is	 a	
continuous	process	 that	 typically	occurs	over	 several	hours	or	days.	Third,	while	 shift	 change	
handoffs	typically	involve	a	single	conversation	supported	by	documentation,	patient	discharge	
may	involve	multiple	steps	and	subtasks.	Lastly,	many	EHR	tools	have	been	developed	to	facilitate	






along	 with	 many	 other	 healthcare	 related	 activities,	 such	 as	 billing(15).	 Previous	 research	
suggested	that	implementing	EHRs	has	had	both	positive	and	negative	effects	of	clinical	work.	
Some	 studies	 have	 shown	 that	 EHRs	 or	 components	 of	 EHRs	 have	 reduced	 rates	 of	medical	
errors(16),	adverse	events(17),	and	wrong	medication	orders(18).	Well-designed	EHR	tools	have	
also	 helped	 clinicians	 develop	 a	 better	 understanding	 of	 their	 patients	 (19)	 (20).	 However,	
together	with	 these	 improvements	 in	 quality	 and	 safety,	 other	 studies	 showed	 reductions	 in	
productivity(21),	 decreased	 time	with	 patients(22,23),	 as	 well	 as	 negative	 impact	 on	 patient	
outcomes(24).	Some	researchers	have	demonstrated	that	usability	issues	and	poor	EHR	interface	
design	led	to	these	negative	consequences(21,25,26).		
In	 addition	 to	 studying	 these	 broad	 effects	 of	 EHR	 on	 care	 delivery,	 previous	 research	 has	
examined	 the	 impact	 of	 EHR	 on	 provider-provider	 communication.	 Two	ways	 EHRs	 facilitate	
provider-to-provider	communication,	either	synchronously	or	asynchronously,	is	through	either	
messaging	tools	or	documentation.	In	a	review,	Walsh	et	al.	found	increasing	prevalence	of	direct	













share	 information	 with	 interdisciplinary	 team	 members.	 While	 information	 sharing	 is	 not	
equivalent	 to	 communication,	 it	 does	 represent	 one	 important	 part	 of	 communication.	
Information	sharing	is	passing	of	information	from	one	person	to	another(7);	a	typical	example	
of	 information	 sharing	 in	 clinical	 work	 is	 through	 documentation,	 wherein	 clinicians	 share	
information	 regarding	 patients	 and	 their	 care	 with	 others	 by	 recording	 it	 in	 their	 notes.	
Communication,	on	the	other	hand,	is	a	cycle	where	one	person	shares	information	and	a	second	
person	demonstrates	an	understanding	of	that	information	or	makes	contribution	of	their	own,	
thereby	 closing	 the	 loop	 of	 communication(33,34).	 Communication	 could	 occur	 both	
synchronously	(as	in	a	verbal	handoff	discussion)	or	asynchronously	(for	example	through	direct	
messaging),	but	 in	either	case	 it	 implies	 involvement	and	contribution	of	both	parties.	 	While	
some	 authors	 specifically	 characterize	 this	 phenomenon	 as	 close-loop	 communication,	many	
others	 consider	 it	 to	 be	 a	 more	 general	 and	 necessary	 property	 of	 any	 communication.	





between	 care	 team	 members;	 and	 how	 can	 electronic	 tools	 be	 better	 designed	 with	
interdisciplinary	 communication	 in	 mind,	 rather	 than	 as	 an	 unexpected	 secondary	 use	 as	
happened	with	electronic	handoff	tools.	
The	general	goal	of	this	dissertation	is	to	further	explore	how	interdisciplinary	teams	perform	
work	 in	 the	 clinical	 setting,	 and	 how	 EHRs	 impact	 communication	 and	 work	 within	
interdisciplinary	 patient	 care	 teams.	 With	 the	 rise	 of	 EHRs	 in	 the	 clinical	 workplace,	




during	 shift	 handoff.	 The	 second	aim	 focuses	on	understanding	 interdisciplinary	 clinical	work	
















Clinical	handoffs	 can	 take	 several	different	 forms(33);	however,	 shift	 change	clinical	handoffs	






Several	 interventions	 introduced	 thus	 far	 that	 included	 EHR	 tools	 showed	 varying	 effects	 on	
decreasing	harm	to	patient	because	of	handoffs;	however,	 few	 intervention	evaluations	have	
focused	 on	 how	 these	 tools	 affected	 the	 verbal	 handoff	 itself.	 Similarly,	 few	 studies	 have	
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examined	 how	electronic	 handoff	 tools	 impacted	 information	 seeking	 or	 information	 sharing	
behaviors.	In	this	aim,	I	sought	to	understand	the	impact	of	an	electronic	handoff	tool,	 locally	
referred	 to	 as	 the	 Handoff	 Tool,	 on	 team	 communication,	 patient	 understanding,	 and	
information	sharing	and	seeking	behaviors	(Table	1.1).	The	Handoff	Tool	was	developed	by	local	













































































collected.	 The	 counts	 of	 every	 update	 and	 view	 made	 to	 each	 patient	 handoff	 note	 were	
tabulated,	and	an	analysis	was	performed	to	identify	relationships	between	the	frequency	with	
which	 notes	were	 edited	 and	 viewed.	 Seven	 clinicians	 from	 3	 different	 clinical	 settings	were	
interviewed.	The	 interviews	 centered	on	 identifying	documentation	behaviors	and	use	of	 the	
Handoff	Tool	to	share	information	among	other	team	members.		
1.3	Aim	II	
The	goal	of	 this	aim	was	 to	understand	how	HIT	can	be	designed	 to	 support	 interdisciplinary	
communication	and	 information	sharing.	Prior	work	 in	Aim	 I	demonstrated	a	need	 for	HIT	 to	
facilitate	 information	 sharing	 during	 complex,	 interdisciplinary	 care	 processes.	 In	 this	 aim,	 I	
focused	 on	 understanding	 and	 characterizing	 the	 clinical	 workflow,	 information	 needs,	 and	
information	sharing	during	patient	discharge	with	the	goals	of	guiding	the	development	of	future	
informatics	 solutions	 to	 support	 information	 sharing	 among	 interdisciplinary	 teams	 during	
patient	discharge.		
Patient	discharge	is	the	safe	transition	of	patients	out	of	the	hospital	setting;	previous	research	
argued	 that	 discharge	 planning	 should	 start	 immediately	 following	 an	 admission	 and	 should	
continue	throughout	patient	stay(12).	Discharge	is	a	complex	process;	it	includes	multiple	steps,	
such	as	planning	and	executing	the	different	activities	necessary	for	safe	transition	of	patients,	
identifying	 and	 addressing	 critical	 post-acute	 care	 challenges,	 and	 educating	 the	 patient	 and	
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increase	 patients’	 length	 of	 stay	 (LOS),	 and	 associated	 frequency	 of	 hospital-acquired	
infections(41).	A	study	at	a	level	1	trauma	center	showed	discharge	delays	incurred	an	additional	
$2.52	million	per	year	in	costs(42).	Previous	analysis	of	discharge	delays	has	shown	that	many	
patient	 characteristics	 or	 health	 conditions,	 such	 as	 being	 older,	 co-morbidities,	 dementia,	
insurance	status,	and	more,	lead	to	an	increased	chance	of	experiencing	discharge	delays(42-45).	





Furthermore,	 HIT	 vendor	 solutions	 appear	 to	 be	 inadequate	 in	 supporting	 team	 information	
sharing	related	to	discharge.	Therefore,	the	goal	of	this	aim	was	to	characterize	the	discharge	
process	 by	 identifying	 information	 needs	 from	 the	 perspective	 of	 clinician	 in	 different	 roles	






















































deficiencies	 in	 fulfilling	 information	needs	by	clinicians.	The	 first	 study	 in	 this	aim	 focused	on	
understanding	coordination	and	information	sharing	during	the	discharge	process	using	a	mixed-
methods	approach.	I	conducted	interviews	with	various	care	team	members,	including	physicians	
in	 different	 roles	 (residents	 and	 attending	 physicians),	 care	 coordinators,	 social	workers,	 and	
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bedside	 nurses	 to	 identify	 1)	 their	 respective	 roles	 during	 the	 discharge	 process,	 2)	 their	























also	makes	 a	methodological	 contribution	 in	 exploring	ways	 to	 use	 EHR	 usage	 logs	 to	 study	
patterns	of	clinical	communication	and	information	needs.		
The	findings	of	Aim	I	showed	that	clinical	teams	frequently	rely	on	electronic	tools	to	support	
interdisciplinary	 communication.	Existing	EHR	 tools	 can	be	 repurposed	 to	 facilitate	 teamwork	
and	communication;	however	these	tools	appear	to	have	a	limited	effect	on	teamwork	measures.	
These	 findings	 suggest	 a	 need	 for	 tools	 that	 specifically	 focus	 on	 promoting	 interdisciplinary	
communication.	
The	 findings	 of	 Aim	 II	 demonstrated	 that	 interdisciplinary	 team	 members	 have	 shared	
information	 needs	 that	 evolve	 over	 the	 course	 of	 a	 patient	 discharge.	 Therefore	 tools	 for	
supporting	 information	sharing	need	to	help	clinicians	maintain	awareness	of	 their	discipline-
specific	priorities,	while	at	the	same	time	exposing	them	to	priorities	of	other	clinicians	on	the	
team.	Moreover,	 these	 tools	need	to	be	sensitive	 to	 the	 trajectory	of	discharge	planning	and	
execution	in	order	to	display	the	right	information	at	the	right	time	to	the	right	person.	
Methodologically,	 I	 have	 demonstrated	 that	 usage	 log	 analysis	 can	 be	 a	 useful	 method	 for	
studying	clinical	information	sharing	and	information	needs;	however,	these	methods	need	to	be	















qualitative	 analysis	 of	 data,	which	 often	 relied	 on	 subjective	 interpretation	 of	 observers.	 For	
instance,	much	of	the	qualitative	data	involved	technical	clinical	jargon,	which	may	have	been	
misinterpreted	 by	 the	 research	 team.	 Furthermore,	 qualitative	 coding	 of	 both	 the	 clinical	
















Among	 these	 eight	 aspects	 of	 teamwork,	 communication,	 arguably,	 has	 received	 the	 most	
attention	from	the	research	community.	While	there	are	many	definitions	and	classifications	of	
communication,	 many	 previous	 authors	 refer	 to	 “closed-loop”	 communication.	 Closed-loop	
communication	is	a	mode	of	communication	where	both	parties	in	a	transmission	verify	that	the	
information	 has	 been	 received	 and	 interpreted	 correctly(34).	 This	 type	 of	 communication	 is	









change	 or	 other	 transitions	 in	 patient	 care	 (52).	 Patient	 discharge	 is	 the	 process	 of	 moving	






et	 al.	 found	 that	 adoption	 of	 EHRs	 in	 France	 lead	 to	 improved	 quality	 of	 care	 across	 the	
country(54).	 However,	 at	 the	 same	 time,	 poor	 implementation	 has	 led	 to	 increased	 clinician	
documentation	 time(22,55),	 significant	 changes	 to	 workflow(26),	 and	 increased	 patient	
mortality(24).	 Despite	 continuing	 improvement	 in	 the	 functionality	 and	 usability	 of	
contemporary	EHR	systems,	one	critical	 limitation	continues	 to	be	 lack	of	explicit	 support	 for	














for	 promoting	 it.	 Previous	 research	 has	 identified	 two	 distinct	 approaches	 to	 using	 EHRs	 for	
facilitating	 communication	 and	 information	 sharing	 within	 interdisciplinary	 care	 teams:	
documentation	and	direct	messaging	tools.	Walsh	et	al.	found	that	direct	messaging	tools	were	
useful	 for	 communicating	 between	 providers	 of	 the	 same	 role;	 however	 there	 has	 been	 no	
reported	use	of	direct	messaging	tools	in	the	EHR	for	non-physician	care	providers(27).	On	the	

















In	 summary,	 few	studies	 conducted	 thus	 far	have	 specifically	examined	 information	needs	of	
members	 of	 interdisciplinary	 patient	 care	 teams	 that	 arise	 during	 handoff	 or	 during	 patient	







Teamwork	 has	 been	 extensively	 studied	 both	within	 and	 outside	 of	 healthcare.	While	many	
elements	 of	 teamwork	 have	 been	 identified,	 5	 basic	 elements	 all	 teams	need	 in	 order	 to	 be	
successful	are	team	leadership,	mutual	performance	monitoring,	backup	behavior,	adaptability,	
and	team	orientation{Salas,	2005}.	Team	leadership	is	the	ability	for	an	individual	to	command	
and	 coordinate	 others	 on	 the	 team,	 along	with	 developing	 and	maintaining	 a	 positive	 team	
atmosphere{Salas,	2005}.	Mutual	performance	monitoring	 is	 the	ability	 for	 team	members	 to	






order	 to	 maintain	 these	 elements,	 teams	 must	 have	 3	 coordinating	 activities:	 closed-loop	





of	 information	 exchange	will	 be	 referred	 to	 as	 information	 sharing.	 Based	 on	 this	 definition,	
communication	 in	 this	 dissertation	 refers	 to	 both	 in	 person	 information	 sharing	 and	 passing	
information	through	other	media,	such	as	in	clinical	documentation.	Shared	mental	models	is	the	
knowledge	of	the	tasks	the	team	must	perform	and	how	team	members	are	expected	to	interact	
with	 one	 another(7).	 Mutual	 trust	 is	 the	 belief	 among	 team	 members	 that	 individuals	 will	
perform	the	tasks	assigned	to	their	role(7).		




al.	 found	 that	 establishing	 stronger	 shared	mental	 models	 could	 improve	 continuity	 of	 care	
between	inpatient	and	outpatient	oncology	settings(58).	Stepaniak	et	al.	found	shorter	surgical	





Communication,	 in	 particular,	 has	 been	 extensively	 studied	 in	 the	 context	 of	 medicine.	
Miscommunication	 during	 handoff	 communication	 is	 attributed	 to	 80%	 of	 serious	 medical	
errors(6).	These	studies	motivated	many	interventions	to	improve	communication	in	hopes	to	
improve	patient	 safety	and	 care	quality.	 For	 instance,	Malpass	et	al.	 found	a	 communication	





and	 outpatient	 care	 teams	 pose	 a	 significant	 challenge	 in	 care	 continuity	 for	 patients(58).	
However,	 these	 studies	 are	 focused	 on	 single-discipline	 communication,	 rather	 than	
interdisciplinary	communication.		
In	 previous	 studies	 of	 interdisciplinary	 teamwork	 and	 communication,	 many	 challenges	 to	
interdisciplinary	work	and	communication	have	been	noted(46,63).	In	the	context	of	delivering	








performed.	 Training	 and	 education,	 for	 instance,	 has	 been	 demonstrated	 to	 be	 successful	 at	
improving	perceptions	of	teamwork	and	teamwork	performance.	Brock	et	al.,	Cleak	et	al.,	and	
Mu	et	al.	all	 found	that	performing	 interdisciplinary	exercises	during	professional	schools,	 i.e.	













team	 members	 to	 develop	 an	 understanding	 of	 the	 patient	 for	 the	 next	 shift(35,73).	 Poor	




Poor	 communication	 occurs	 frequently	 during	 handoffs	 because	 of	 the	 complexity	 of	 the	
communication	 process(73).	 Verbal	 handoffs	 occur	 during	 a	 short	 amount	 of	 time,	 with	
potentially	 little	 to	 no	 follow-up(35)	 and	 information	 transferred	 changes	 in	 each	 handoff.	
Despite	these	concerns,	shift	change	handoffs	have	increased	during	the	last	15	years	because	of	





In	 order	 to	 address	 these	 challenges,	 many	 interventions	 have	 been	 conducted	 to	 improve	
interdisciplinary	 communication.	 In	 general,	 these	 interventions	 can	be	placed	 into	 four	non-







redesign	 initiatives	 include	 goals	 to	 standardize	 communication	 using	 mnemonics.	 The	




classified	 into	 four	 categories:	 clinician	 perceptions	 towards	 handoff(79,81,82),	 patient	
satisfaction(79,82),	patient	outcomes(16,83),	and	handoff	quality	and	duration(79).		
However,	 process	 redesign	 studies	 of	 handoff	 are	 limited	 in	 a	 few	ways.	 First,	most	 process	
redesign	studies	offer	solutions	that	are	highly	customized	and	designed	to	specifically	address	
local	 concerns,	 which	 limits	 the	 generalizability	 of	 the	 interventions	 that	 were	 used(80,81).	
However,	 a	 few	process	 redesign	 interventions	were	 evaluated	 in	multicenter	 environments,	
which	demonstrates	 the	possibility	 that	 these	 types	of	 interventions	can	be	brought	 to	other	
settings(82).	Another	 limitation	of	process	 redesign	 interventions	 is	 that	while	many	of	 these	
interventions	involved	interdisciplinary	clinical	teams,	evaluations	focused	only	on	the	handoffs	
of	 a	 particular	 care	 provider	 type,	 primarily	 resident	 (medical)	 or	 nursing(79,81,82).	
Comparatively,	very	few	evaluations	of	process	redesign	interventions	have	focused	on	shared	
understanding	or	other	 teamwork	measures	 took	place.	 Lastly,	many	of	 these	 studies	used	a	
simple	 pre-/post-	 study	 design	 in	 evaluating	 improvements(80,81)	 ,	 and	 some	 studies	 simply	





Following	 increased	 awareness	 of	 challenges	 in	 performing	 handoff,	 formal	 education	 and	
training	to	support	handoff	began.	Formal	education	in	the	classroom	for	medical	students(84,85)	
and	residents(86)	were	developed	and	implemented.	Shorter	term	and	less	formal	training	were	
also	 incorporated	 for	 residents	 and	 nurses(37,87).	 The	 content	 covered	 in	 handoff	 training	
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various	but	frequently	contains	handoff	mnemonics	as	well	as	explanations	on	the	importance	
of	 communication	 in	 preventing	 adverse	 events	 and	 other	 relevant	 information	 and	 learning	
what	good	communication	consists	of(87).	
These	education	and	training	initiatives	have	been	measured	in	a	variety	of	ways,	but	the	two	
most	 predominate	 ways	 are	 surveys	 and	 assessments	 of	 mock	 verbal	 handoffs	 following	 a	
training	course(87).	Overall,	education	and	training	improved	adherence	to	handoff	protocol(86)	
and	produced	sustained	improvements	in	handoffs	quality(85,88).	However,	despite	the	utility	





the	 Joint	 Commission’s	 recommendations	 to	 improve	 handoff	 communication.	 A	 systematic	
review	 found	 that	 more	 than	 20	 different	 mnemonics	 have	 been	 implemented	 in	 hopes	 of	
improving	handoffs(90).	 Among	 these	different	 types,	 SBAR	and	 iPASS	were	 the	most	widely	
implemented(90).	 Both	 of	 these	 mnemonics	 are	 also	 notable	 because	 they	 have	 been	
implemented	in	large	institutions	or	as	part	of	large	trials(47,48).	Several	major	studies	evaluating	







there	 is	 great	 variation	 in	 the	 types	 of	 information	 included	 in	 mnemonic,	 and	 no	 single	
mnemonic	provided	comprehensive	coverage	of	handoff	 related	communication	 (93)	 .	Use	of	
mnemonics	have	been	evaluated	both	in	terms	of	efficacy	in	improving	patient	outcomes	and	
perceived	 usefulness.	 The	 efficacy	 of	 mnemonics	 in	 improving	 handoff	 communication	 was	
frequently	accessed	using	self-report	data,	such	as	questionnaires	and	surveys	(82)	.	Generally,	





et	 al.	 contended	 that	 interactive	 conversations	 were	 crucial	 in	 team	members	 developing	 a	
shared	understanding	of	the	patient	during	handoffs,	and	that	mnemonics	and	standardization	
may	not	help	in	prompting	these	interactive	conversations(35).	Hilligoss	et	al.	expanded	further,	
suggesting	 that	 the	 complexity	 of	 verbal	 handoffs	 requires	 more	 focus	 on	 improving	






Electronic	handoff	 tools	have	become	widely	adopted	by	many	healthcare	 systems,	and	 they	
have	 also	 been	 evaluated	 for	 their	 impact	 on	 improving	 patient	 outcomes(16,17),	 reducing	




al.,	 and	Vawdrey	 et	 al.	 have	 all	 identified	 electronic	 handoff	 tool	 use	 by	 targeted	 and	 non-
targeted	care	team	members(28,29,32).	Campion	et	al.	found	nurses	and	care	managers	using	a	
resident	focused	electronic	handoff	tool(28),	while	Schuster	et	al.	found	physical	therapists	and	
social	 workers	 incorporating	 an	 electronic	 resident	 handoff	 tool	 as	 a	 key	 source	 of	







electronic	 tools	 can	 facilitate	 interdisciplinary	 team	 communication	 and	 information	 sharing.	
Research	 participants	 reported	 an	 eagerness	 to	 incorporate	 interdisciplinary	 information	 as	




Despite	 the	 untapped	 potential,	 much	 more	 still	 needs	 to	 be	 understood	 about	 electronic	
handoff	 tools	 in	 relation	 to	 team-based	communication.	There	 is	 still	 little	known	about	how	




have	 changed	 how	 team	members	 converse	with	 one	 another,	 how	 these	 tools	 affect	 team	
members’	 critical	 ability	 to	 develop	 a	 shared	 understanding	 of	 the	 patient	 during	 handoffs.	
Furthermore,	 studies	 of	 intended	 use	 of	 electronic	 handoff	 tools	 have	 yet	 to	 describe	 what	
workflow	changes	were	necessary	to	allow	for	these	tools	to	be	used	in	a	new	way.		
2.4	Patient	discharge	
The	 challenges	 of	 interdisciplinary	 communication,	 which	 were	 highlighted	 earlier,	 present	
unique	 difficulties	 during	 the	 patient	 discharge	 process.	Bergstrom	 et	 al.	 found	 that	 8.8%	 of	
discharge	 plans	 were	 not	 fully	 communicated	 between	 interdisciplinary	 team	 members(12).	
Furthermore,	physicians	and	nurses	have	different	opinions	on	which	elements	of	the	discharge	
plan	 to	 prioritize(99).	 Lin	 et	 al.	 found	many	 constraints	 and	 competing	 priorities	 during	 the	
discharge	process(100).	
Like	 interdisciplinary	communication	 in	general	and	clinical	handoffs,	 there	have	been	several	
classes	of	interventions	to	improve	interdisciplinary	communication	during	the	patient	discharge	
process.	 There	 have	 been	 many	 process	 redesign	 interventions	 aimed	 at	 improving	





patient	 satisfaction(101,102),	 on-time	 patient	 discharge(103),	 and	 improved	 patient	
safety(102,104-107).	 Another	 approach	 to	 improving	 interdisciplinary	 communication	 is	 to	
introduce	 new	members	 into	 the	 discharge	 team	workflow.	 For	 instance,	 adding	 pharmacist	
during	discharge	improved	the	medication	reconciliation	rate(108,109).	Redistribution	of	tasks,	
as	 in	 the	past	 two	 studies,	 spreads	out	 the	 team	 tasks	based	on	expertise	and	provides	new	
opportunities	 for	 information	 to	 flow	 through	 the	 team(110).	 Efforts	 for	 standardizing	
communication,	for	example	through	SBAR,	between	care	team	members	during	IDR	have	also	
proven	 effective	 in	 improving	 situation	 awareness	 and	 patient	 satisfaction(101),	 increasing	
guideline	adherence	and	readmission	rates(111).	
2.4.1	Breaks	in	discharge	process	can	cause	discharge	delays	
Patient	discharge	 is	defined	as	a	 safe	 transition	of	patients	 from	 the	hospital	 to	a	post-acute	










and	 hospitals.	 Patients	 suffer	 because	 of	 increased	 length	 of	 stay,	 which	 is	 associated	 with	
increased	risk	for	hospital-acquired	infections(41).	Hospitals	incur	great	costs	and	have	breaks	in	
patient	 flow(42).	 Unfortunately,	 delays	 also	 happen	 frequently.	 Previous	 studies	 on	 the	
frequency	 of	 discharge	 delays	 found	 as	 few	 as	 4%	discharge	 delays	 to	 as	 frequently	 as	 50%;	
however,	most	studies	found	that	discharge	delays	ranged	between	25%	to	40%(43,44,114,115).		
Because	of	the	importance	of	discharge	delays,	there	have	been	several	studies	that	examined	
different	 causes	 for	 discharge	 delays.	Many	 studies	 connected	 discharge	 delays	with	 specific	









improvement	 interventions	 are	 30-day	 readmission	 rates.	 Re-Engineered	Discharge	 (RED),	 an	
AHRQ	 sponsored	 program,	 was	 shown	 reduced	 hospital	 utilization	 by	 30%	 in	 a	 30-day	




An	 important	 element	 to	 studying	 clinical	 processes	 is	 the	 method	 or	 methods	 used	 in	 the	








be	 placed	 into	 several	 different	 classes,	 including	 ethnographic	 observations,	 interviews	 and	
focus	groups,	and	more.		
Ethnography	is	the	application	of	ethnographic	data-gathering	and	theory-driven	data	analysis	
without	 preconceptions	 or	 insider	 bias(122).	 Ethnography	 is	 used	 in	 many	 fields	 related	 to	




informatics	 primarily	 focus	 on	 observational	 methods(123).	 Ethnography	 has	 become	 a	
centerpiece	of	research	methodology	for	clinical	work	because	it	allows	researchers	to	develop	




and	 after	 implementation	 of	 a	 telepsychiatry	 application	 to	 explain	why	 the	 application	was	
initially	well-received	but	eventually	abandoned(122).	Another	advantage	of	the	ethnographic	
method	is	that	it	also	allows	researchers	to	ask	open	ended	questions	when	studying	clinical	work	
rather	 than	developing	a	priori	 research	hypothesis	 to	 test(122).	Ethnographic	data	gathering	
methods	also	allows	 for	a	variety	of	data	 to	be	captured.	 In	 the	context	of	 clinical	work,	 this	
advantage	can	be	crucial	in	capturing	information	not	otherwise	made	available.	For	instance,	
early	studies	on	clinician	information	needs	focused	on	using	self-reported	data{Covell:1985co};	











































instance,	 in	 ethnographic	 studies,	 observations	 are	 generally	 limited	 to	 a	 single	 individual	 or	
single	location	within	the	hospital;	however,	audit	logs,	for	instance,	collect	every	instance	of	a	








lose	 connection,	 and	 suffer	 from	 other	 hardware	 issues(127).	 Similarly,	 data	 from	 tracking	
devices	must	be	continually	checked	to	ensure	that	the	data	collected	contains	the	right	amount	
of	granularity.	Because	some	activities	during	clinical	workflows	and	processes	can	occur	very	








in	 that	 time-and-motion	 studies	 focus	 on	 studying	 the	 temporal	 durations	 of	 different	 tasks	
observed	rather	than	focusing	on	identifying	and	explaining	tasks	and	the	relationships	between	
tasks	 as	 in	 ethnographic	 studies.	 Ideally,	 the	 different	 tasks	 that	 are	 observed	 and	 recorded	
during	 time-and-motion	 analysis	 should	 be	 derived	 based	 on	 standardized	 and	 validated	
guidelines	 of	 work(139).	 A	 key	 advantage	 of	 the	 time-and-motion	 method	 is	 the	 ability	 for	
researchers	 to	 capture	qualitative	data	 about	 the	 clinical	workflow	as	well	 in	 addition	 to	 the	
quantitative	 data.	 Because	 of	 this,	 time-and-motion	 analysis	 can	 also	 be	 used	 for	 workflow	
discovery	and	modeling,	in	addition	to	determining	the	frequency	and	duration	of	tasks(140).		
Some	limitations	of	time-and-motion	studies	are	the	ability	of	the	research	team	to	collect	data	







and-motion	 studies	 is	 the	 difficulty	 in	 assessing	 inter-rater	 reliability(141).	 While	 traditional	
	 35	
qualitative	studies	often	report	inter-rater	reliability	scores,	this	practice	has	been	substandard	
among	 time-and-motion	 studies.	Part	of	 this	 is	due	 to	 the	difficulty	 in	defining	agreement	 to	
calculate	inter-rater	reliability	scores,	but	also	because	time-and-motion	data	contains	multiple	
aspects,	such	as	duration	of	tasks,	sequence	of	tasks,	frequency	of	tasks,	and	more	(141,142).	A	
last	 notable	 challenge	 to	 time-and-motion	 studies	 is	 the	 potential	 for	 disrupting	 the	 natural	
course	of	clinical	work	with	too	many	observers.	One	way	to	overcome	the	challenge	of	multiple	
perspectives	in	clinical	work	is	to	increase	the	number	of	observers	in	a	given	study.	However,	
increasing	 the	 number	 of	 observers	 also	 increases	 the	 chance	 of	 the	 Hawthorne	 effect	 and	
thereby	 biasing	 the	 data	 collected(143).	 Other	 studies	 using	 time-and-motion	 methodology,	































































































































































































































































































































Fellows	 83	 146	 65	 33	
Residents	 181	 76	 178	 81	


































Fellows	 0.038	 0.024	 0.024	 0.020	 0.07	
Residents	 0.029	 0.020	 0.028	 0.017	 0.85	












	 	 Pre	 Post	 	










Residents	 0.027	 0.019	 0.024	 0.017	 0.52	
Nurses	 0.037	 0.035	 0.027	 0.013	 0.14	
Information	
Seeking	
Fellows	 0.023	 0.033	 0.013	 0.016	 0.34	
Residents	 0.016	 0.013	 0.007	 0.008	 0.008	
Nurses	 0.016	 0.011	 0.008	 0.008	 0.005	
Information	
Verifying	
Fellows	 0.004	 0.007	 0.001	 0.003	 0.25	
Residents	 0.007	 0.007	 0.005	 0.005	 0.54	























Pre	 Post	 Pre	 Post	
(Min,	Max)	 (0.006,	0.08)	 (0.002,	0.12)	 (0,	2)	 (0,5)	
Mean	 0.06	 0.06	 0.76	 1.17	
Median	 0.06	 0.06	 1	 1	
Standard	
Deviation	(SD)	
































































	 Symptom	 (0.38:	0.29/0.44)	 Resident:	He’s	still	tachypneic	
Nurse:	He’s	not	tachypneic.	













Assessment	 	 (0.08:	0/0.14)	 	











































































































































































































































































None	(0	views)	 A	(matched	case)	 D	(more	updates)	 E	(more	updates)	
Minimal	(1-2	views)	 G	(more	views)	 B	(matched	case)	 F	(more	updates)	
Frequent	(3	or	more	



























































































None	(0	Updates)	 18.10%	 12.19%	 4.10%	
Minimal	(1-2	
Updates)	 19.60%	 8.73%	 6.98%	
Frequent	(3	or	More	






































































































































































































































































































































































































/ptdata/clinical/webcise	 ü	 	 	 	
Main	Lab	Summary	 ü	 	 	 	
PtListEclipsys	 ü	 	 	 	
Sum	Type	Lab	Main	 ü	 	 	 	
Rad	 ü	 	 	 	
Summary	 ü	 	 	 	
Trend	 ü	 	 	 	
Clinical	 ü	 	 	 	
Lab	 ü	 ü	 ü	 	
Card	 ü	 ü	 ü	 	
XANote	 ü	 ü	 ü	 ü	
XAADM	 	 	 ü	 	
/ptdata/profile/profile	 	 	 	 ü	
Webcise	 ü	 ü	 ü	 ü	









Tab:	Flowsheet	 ü	 ü	 ü	 ü	
Tab:	Documents	 ü	 ü	 ü	 ü	
Tab:	iNYP	 ü	 ü	 ü	 ü	
Tab:	Handoff	 ü	 ü	 ü	 ü	
Tab:	Orders	 ü	 ü	 ü	 ü	
Tab:	Patient	List	 ü	 ü	 ü	 ü	
Tab:	Dose	Hx	 ü	 ü	 	 	
Tab:	Data	Vis	 ü	 	 	 	
Tab:	Patient	
Info	
	 	 	 ü	
Tab:	Patient	List	 ü	 ü	 ü	 ü	
Viewed	
Document	List	
ü	 ü	 ü	 ü	
Core	Document	
Detail	Viewed	




	 	 ü	 	
Prescription	
Printed	
ü	 ü	 	 	
PHI:	RxWriter	
Exported	
ü	 ü	 	 	
Pull	Set	Values	
Viewed	
ü	 ü	 ü	 ü	
DR	Documents	
Details	Viewed	
ü	 ü	 ü	 ü	
Flowsheets	
Viewed	
ü	 ü	 ü	 ü	
Patient	Info	
Viewed	



























































































































































































































































































































































































included	 shared	mental	models,	 communication,	 and	 information	 sharing	 activities.	 The	 first	



























Aim	 II	 explored	 the	 information	 sharing	 activities	 and	 information	 needs	 of	 interdisciplinary	
teams	 during	 the	 patient	 discharge	 process.	 Aim	 II	 also	 identified	 a	 classification	 system	 of	
discharge	 delays	 arising	 from	 the	 discharge	 process.	 The	 first	 study	 on	 information	 sharing	
activities	and	information	needs	was	conducted	in	the	context	of	a	single	cardiology	unit	with	a	
variety	of	complex,	co-morbid	patients.	The	second	study	used	discharge	delay	documentation	







peak	 information	needs	at	different	 times	of	 the	patient	discharge	process.	Despite	 the	 tight	
coupling	 between	 EHR	 tools	 and	 discharge	 processes,	 qualitative	 analysis	 showed	 that	 there	
were	critical	unmet	information	needs,	which	were	not	well	addressed	by	the	data	in	the	EHR.		
The	second	study	used	clinician-provided	free-form	explanations	of	reasons	for	discharge	delays	











EHRs	 impact	 teamwork	 and	 the	 identification	 of	 interdisciplinary	 information	 needs	 during	
discharge	 have	 implications	 for	 the	 design	 of	 future	 tools	 to	 support	 interdisciplinary	
communication.	
The	results	from	Aim	I	studies	showed	that	interdisciplinary	communication,	while	important,	is	
not	 well	 supported	 by	 the	 EHR.	 In	 the	 absence	 of	 well-developed	 HIT	 solutions	 for	
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interdisciplinary	communication,	clinicians	at	times	appropriated	existing	EHR	tools	to	support	
this	 communication.	 However,	 the	 results	 showed	 that	 this	 was	 a	 suboptimal	 approach	 to	
facilitating	teamwork.	The	findings	suggest	a	need	for	new	informatics	solutions	that	specifically	














and	 information	 needs.	 This	 dissertation	 demonstrates	 the	 utility	 of	 using	 both	 qualitative	
interviews	 and	 audit	 log	 analysis.	 Each	 analytic	 method	 has	 its	 inherent	 strengths	 and	









The	first	study	 in	Aim	I	was	conducted	solely	 in	the	pediatric	 intensive	care	unit.	Because	the	
handoff	process	is	highly	variable,	the	findings	about	the	impact	of	the	Handoff	Tool	on	teamwork	
may	not	 generalize	 to	other	units	 in	 the	hospital.	 This	 is	 also	 true	 for	 the	 information	needs	
identified	 in	Aim	II.	Both	audit	 log	and	qualitative	 interviews	were	only	from	one	clinical	unit;	
other	 clinical	 units,	 even	 if	 they	 are	 cardiology-related	 units,	may	 have	 different	 information	










and	 foremost,	 EHR	 audit	 logs	 can	 only	 capture	 a	 part	 of	 any	 clinical	 workflow	 or	 clinician	
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of	 the	research	team.	 In	Aim	 I,	 the	verbal	handoffs	were	qualitatively	coded	 for	conversation	
segments,	question	types,	content	overlap,	and	content	discrepancies.	While	there	were	rigorous	
definitions	 for	 each	 concept	 and	 co-coding	 exercises	were	 completed,	 there	were	 still	 some	
disagreements	between	different	research	team	members	during	the	coding	process.	Therefore,	
the	 frequencies	 reported	 for	 each	 coded	 measure	 could	 be	 different	 if	 other	 researchers,	
particularly	 clinicians,	had	qualitatively	 coded	 the	verbal	handoffs.	 In	particular,	when	coding	
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content	overlap	and	content	discrepancies,	other	researchers	could	have	disagreed	with	whether	
the	 conversation	 segments	 were	 overlapping	 or	 discrepant.	 In	 Aim	 II,	 there	 was	 extensive	
qualitative	coding	in	the	two	studies.	Qualitative	coding	of	the	interview	data	was	performed	by	
both	 SYJ	 and	 another	 researcher	 who	 did	 not	 have	 clinical	 training.	 Because	 the	 interviews	
contained	technical	information	about	the	discharge	process,	some	of	the	answers	to	questions	
could	have	been	misunderstood	leading	the	data	to	be	coded	incorrectly.	In	the	second	study	of	




















is	 needed	 to	 identify	 information	 needs	 at	 this	more	 granular	 level.	 Third,	more	 research	 is	





dissertation	 were	 based	 on	 a	 single	 cardiology	 unit;	 however,	 it	 is	 uncertain	 whether	 these	
information	needs	are	 consistent	with	 the	 information	needs	of	other	units.	 This	uncertainty	
needs	 to	be	addressed	before	any	 future	 tool	built	based	on	 the	recommendations	 from	this	











audit-logs	 and	 interviews	 to	 study	 information	 needs,	 but	 time	 and	motion	 is	 another	 well-
accepted	methodology	to	study	clinical	work.	Future	work	into	comparing	the	utility	of	using	time	
and	motion	studies	to	study	clinical	work	with	qualitative	 interviews	and	audit-logs	can	prove	
beneficial.	Identifying	more	methods	and	triangulating	clinical	work	findings	between	them	may	
open	new	insights	not	possible	with	just	using	one	method.		
5.5	Conclusions	
The	goal	of	this	dissertation	was	to	develop	a	better	understanding	of	how	EHRs	impact	
interdisciplinary	teamwork.	The	studies	in	this	dissertation	found	that	interdisciplinary	
information	sharing	was	desired,	but	current	EHR	tools	have	limited	ability	to	facilitate	this	
information	sharing.	This	dissertation	provides	several	recommendations	for	the	design	of	
future	EHR	tools	for	facilitating	interdisciplinary	communication,	such	as	the	need	to	display	
shared,	as	well	as	provider-specific,	information.	Furthermore,	information	needs	should	be	
contextualized	to	the	temporal	patterns	of	clinical	work,	and	tools	should	support	the	exchange	
of	information	between	different	care	providers.	These	design	recommendations	were	
identified	using	a	variety	of	data	sources,	and	triangulated	using	different	analytic	methods.	
This	approach	led	to	a	more	comprehensive	understanding	of	the	functional	needs	of	team-
based	communication	tools.	Future	work	on	understanding	the	impact	of	EHRs	on	
interdisciplinary	teamwork	should	focus	on	implementing	these	design	recommendations	into	
early	stage	prototypes,	studying	interdisciplinary	information	needs	in	other	clinical	units	and	
work	processes,	and	advancing	methods	for	studying	information	needs	that	focus	on	
comparing	and	triangulating	multiple	data	sources	and	analytic	methods.	
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